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Wearable robots for physical interaction, which measure the movement of the body parts and apply 
physical force to the body, have gained great attention for the purposes of power augmentation, 
rehabilitation, and interfaces for virtual reality or tele-operation. To implement wearable systems more 
practically, various mechatronic technologies have been studied. However, the exoskeleton-type 
systems cannot be easily found in our daily lives, because there still remain unsolved issues in 
interactive control with human. Also, the uncomfortable, heavy and complex structure prohibit wide-
spread application of exoskeleton systems, which leads us to replace the rigid robotic components with 
soft, flexible, and stretchable materials. 
In this dissertation, several mechatronic considerations of wearable robots for physical interaction 
are discussed from the point of view from rigid to soft robotics. First, a rigid wearable robot, called an 
exoskeleton system, was developed with series elastic actuators, and controlled by robust control 
algorithms to deliver the interaction force delivered to the user accurately even with the presence of the 
uncertain and unknown interactions from the user. Second, to operate the exoskeleton system based on 
the user’s muscular forces, the muscular forces were estimated by fusion of wearable sensors and 
biomechanics-based algorithms. Last, novel manufacturing methods for soft sensor systems were 
developed, based on direct writing of a conduct liquid metal on soft materials, to overcome the 
fundamental wearable issues of the wearable robots. The research contents in this dissertation are series 
of efforts towards practical implement of the wearable robots: development of a low-level controller 
(simple and robust force control algorithms), a high-level controller (determining desired forces based 
on estimated muscular forces), and novel manufacturing methods for soft sensors (endowing high 
wearability to the wearable system).  Based on the research outcomes of this dissertation, wearable 
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Type 1 Soft sensor







Type 2 Soft sensor
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